This paper studies the perturbed classical risk model with two dependent classes of jumps and a constant dividend barrier. We use a double exponential jump-diffusion process to model the fluctuation of the total claim amount, the premium income and the surplus investment return, and the claim process follows a compound Poisson process which is dependent of the double exponential jump-diffusion process. We can prove a type of expected discounted penalty function satisfies the smooth pasting property at the reflecting barrier under the two-sided jump-diffusion model. We give the explicit expression for the joint Laplace transform of the ruin time and the deficit at ruin time.
Introduction
In recent years, various dividend payment strategies for the classical collective risk model have been studied in great detail. Under a barrier strategy, when the surplus of an insurance company reaches a barrier level, premium income no longer goes into the surplus but is paid out as dividends to shareholders. Such a dividend-payment strategy was first discussed in De Finetti (1957) for a Bernoulli model. In the past decade, there has been an enormous amount of interest in studying the generalized Cramer-Lundberg risk model without and with diffusion under the barrier dividend
In recent years, studies of an insurance risk model have in general been focusing on analyzing the Gerber-Shiu expected discounted penalty function, which is first introduced by Gerber and Shiu (1998) and Gerber and Laudry (1998) to analyze the quantities, such as, the time of ruin, the surplus immediately before ruin and the deficit at ruin, in a unified manner. It has proven to be a powerful analytical tool. The Gerber-Shiu function has been fully studied in the compound Poisson risk models, and the one-sided jump-diffusion models with and without dividend. But it is in general not easy to give a closed-form formula for the Gerber-Shiu function in a two-sided jumpdiffusion model with the dividend strategy.
The double exponential jump-diffusion process, firstly proposed by Kou (2002) , Kou and Wang (2004) , is used to model the returns of the stocks. Under a constant dividend barrier strategy, Bo et al (2012) derive some explicit expressions for the Laplace transform of the ruin time, the distribution of the deficit at ruin, and the total expected discounted dividends when the surplus of a company follows a double exponential jump-diffusion process. In this paper, motivated by Bo et al (2012) , Kou (2002) , and Kou and Wang (2004) , we assume the surplus process of an insurance company is expressed as a sum of a double exponential jump-diffusion process and a compound process with only negative jumps; the double exponential jump-diffusion process describes the fluctuation of the total claim amount, the premium income and the surplus investment return and the compound process with only negative jumps models the total claims. We aim at obtaining the expression for the Gerber-Shiu function under a constant barrier dividend strategy.
In order to derive the explicit formula for the Gerber-Shiu function, we assume the distribution of the claim sizes have a rational Laplace transform. Under this assumption, we can give the closedform formula for the Gerber-Shiu function. In fact, the rational family distributions are rich enough to approximate many other distributions, including any discrete distribution, the normal distribution, and various heavy-tailed distributions such as Gamma, Weibull and Pareto distributions. Therefore, our model is even more flexible and can be used to approximate any model in which the downward jump sizes have an arbitrary distribution and the upward jump sizes have an exponential distribution.
The paper is organized as follows: Section 2 describes the model we consider in this paper, and establishes a key quantity between the joint Laplace transform of ruin time and the deficit, and the joint Laplace transform of first passage time and the overshoot. Section 3 presents some preliminary results. The explicit formula for the joint Laplace transform of ruin time and the deficit is derived in Section 4. Section 5 gives some numerical results and concludes.
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In fact, the process
is a double exponential jump-diffusion process, which is used to model the returns of the stocks, as in Kou (2002) , Kou and Wang (2004) . In this paper, we use the double exponential jump-diffusion model to describe the fluctuation of the total claim amount, the premium income and the surplus investment return.  and 2  , respectively. The assumption (2.6) is the so-called "common shock structure" discussed in Cossette and Marceau (2000) . We will consider the ruin problem for the generalized classical risk process perturbed by diffusion under a constant barrier dividend. Bo et al. (2012) give the explicit expressions for the Laplace transform of the ruin time and the distribution of the deficit at ruin under the double exponential jump-diffusion model with a barrier dividend strategy. The model (2.1) is more general than the double exponential jump-diffusion model. Motivated by Bo et al. (2012) , we will consider the expected discounted penalty function under a barrier dividend strategy. 
is also regarded as the joint Laplace transform of ruin time and the deficit. In this paper, we aim at deriving the explicit expression for the joint Laplace transform.
To this end, we introduce the following jump-diffusion process
(2.11) 
Preliminary Results
In 
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By partial fraction, we have Remark. The roots of Eq. (3.3) play an important role in the rest of this paper. For simplicity, we only consider the case when they are all distinct since the analysis of the other case is more tedious.
In order to derive the explicit express for () x  , we will prove the smooth pasting property '(0 ) 0    holds under the model (2.1). Bo et al. (2012) prove the smooth pasting condition '(0 ) 0    holds under the double exponential jump-diffusion model. Now we give the smooth pasting property at the reflecting barrier under the general model considered in our paper. To this end, we rewrite X defined in (2.11) as
is a pure jump Levy process which can jump only downward,
is a spectrally positive Levy process. Then the process
is the dual process of
, is a spectrally negative Levy process. Denote by 
inf{ 0 :
It was shown in Pistorius (2004) 
We can also conclude that the entrance times of the reflected processes Y and
y  satisfy the following inequality
that is because
sup( ) 0 sup 0 
Now we present the smooth pasting property in the following Lemma. 
where the second inequality follows from Asmussen et al. (2004) . Therefore
It follows that '(0 ) 0,    which concludes the proof.
The next result gives the infinitesimal generator of the process Y M X  .
Lemma 3.4 Let X be the two-sided jump-diffusion model given by (2.1). Then the infinite-simal generator of the reflected Levy process Y M X  is given by
with the domain of definition
Proof. Since the proof of Lemma 3.4 is similar to the proof of Proposition 3.1 in Bo et al. (2012) , we omit the proof here.
Laplace Transforms
In this section, we will derive the explicit expression for the joint Laplace transform of the ruin time and the deficit at ruin time under the two-sided jump-diffusion model. This article considers a two-sided jump-diffusion model incorporating two dependent classes of jumps under a constant dividend barrier. We give the smooth pasting condition for the expected discounted penalty function. Based on this condition, we obtain the explicit expression for the Laplace transform of the ruin time and the deficit under the two-sided jump-diffusion model. In addition, using the Gaver-Stehfest inversion algorithm, we give some numerical analysis.
